Abstract: This study aimed at determining the prevalence of inflammatory root resorption and associated factors in 1068 primary mandibular molars in 453 children 3 to 12 years of age. Age, dental history and medical history were recorded using a questionnaire administered to the children's parents/caregivers. Previously trained and calibrated examiners assessed radiographic images of the primary molars by direct observation, with the aid of a viewing box. Root resorption (physiological or inflammatory), dental crown status (healthy, carious with no pulp involvement, carious with pulp involvement and evidence of restoration), and pulpotomy or pulpectomy were determined. Data analysis involved descriptive statistics, the chi-square test and a multiple logistic regression (p < 0.05). The prevalence of inflammatory root resorption was 16.2% (n = 173). The male gender (OR: 1.4; 95% CI), the 3-to-7-years age bracket (OR: 1.5; 95% CI), an unhealthy dental crown (OR: 8.7; 95% CI), caries with pulp involvement (OR: 7.4; 95% CI), pulpotomy (OR: 3.1; 95% CI), and pulpectomy (OR: 5.4; 95% CI) were risk factors for the occurrence of inflammatory root resorption in primary molars. In conclusion, the prevalence of inflammatory root resorption in the present sample was 16.2%. Gender, age, an unhealthy tooth, caries with pulp involvement, pulpotomy, pulpectomy, and the absence of a restoration were associated with a higher occurrence of inflammatory root resorption in primary molars.
Introduction
Inflammatory root resorption in primary teeth is a frequent finding in the clinical practice of pediatric dentists. 1 Radiographically, inflammatory root resorption is characterized by the gradual loss of tooth substance associated with persistent, progressive radiolucency of the adjacent alveolar bone. 2, 3 This leads to an imbalance in the stomatognathic system and problems such as unerupted permanent successors and the early loss of primary teeth. 1, [3] [4] [5] [6] [7] [8] [9] [10] Inflammatory root resorption is generally diagnosed by clinical and radiological examinations, especially periapical radiographs. 11, 12 This type of resorption is a consequence and/or complication of different clinical situations, such as pulp, periodontal and/or periradicular infectious processes, dental injury, orthodontic forces, or excessive occlusal forces. 1, 6 Anatomical aspects peculiar to the primary teeth, such as reduced Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
enamel and dentin thickness, greater permeability and lower hardness and strength, further contribute to the more rapid spread of infectious processes in the pulp tissue, which can trigger an inflammatory process and root resorption. 13, 14 Treatment consists of removing the triggering factors, whose determination is critical to choosing the most appropriate protocol. 9 Although studies in the literature report the prevalence of and factors associated with the development of inflammatory resorption in permanent teeth, little is known about how these factors influence the occurrence of inflammatory resorption in primary teeth. 3, 15 Since the occurrence of this type of resorption is highly frequent in the clinical practice of pediatric dentists, the study of this phenomenon is of considerable importance to the diagnosis and planning of dental care for children.
This study was conducted to determine the prevalence of inflammatory pathological root resorption, and associated factors, in the primary mandibular molars of children 3 to 12 years of age, based on radiographic images and clinical records.
Methodology
A retrospective cross-sectional study was carried out on a sample of 1068 primary mandibular molars assessed on 671 periapical radiographs retrieved from the radiographic files of the pediatric clinic at the Federal University of the Jequitinhonha and Mucuri Valleys (Brazil). The periapical radiographs were taken with four identical x-ray machines (Dabi Atlante, Ribeirão Preto, Brazil) and processed manually. Only high-quality periapical radiographs (with adequate details, good sharpness, density and contrast, and no distortions) exhibiting the root apex of primary mandibular molars and the tooth bud of the permanent successor were used. The radiographs were obtained from 453 male and female children 3 to 12 years of age, from the city of Diamantina, state of Minas Gerais, Brazil.
The research team was composed of four examiners who underwent a training program and calibration process involving 80 randomly selected radiographic images of primary mandibular molars, either involved in an inflammatory process or not.
These images were not part of the main study. Seven days following the initial evaluation, the same 80 radiographs were re-evaluated by the examiners to determine intraexaminer agreement (kappa index). The examiners' results were compared to those of a doctoral student with expertise on the subject, considered the gold standard. Kappa values ranged from 0.82 to 0.91. Diagnostic differences were discussed and resolved by consensus.
A questionnaire was previously administered to the children's parents/caregivers to acquire baseline data on gender, age, dental history and medical history. Medical history involved the presence/absence of general health problems, such as systemic and chronic diseases. Dental history was taken to gain information on treatments performed on the teeth under study.
The periapical radiographs were analyzed by the researchers by direct observation, with the aid of a viewing box (CARP, Ribeirão Preto, Brazil). This assessment was divided into two phases. The researchers first determined the type of root resorption (physiological or inflammatory). Inflammatory root resorption was defined as the presence of a periapical lesion radiographically characterized by radiolucency of the adjacent alveolar bone, associated with the loss of tooth substance. The researchers then determined the dental crown status (healthy, carious with no pulp involvement or carious with pulp involvement). The researchers also checked whether the primary molar showed any evidence of restoration, pulpotomy or pulpectomy, which was confirmed by examining the patient's records.
Statistical analysis
The data were analyzed using the Statistical Package for Social Sciences (SPSS for Windows, version 17.0, SPSS Inc., Chicago, USA). Descriptive analysis (absolute and relative frequencies) was performed for all variables. The chi-square test was used to determine any association between an inflammatory root resorption and each independent variable (gender, age, general health problem, healthy tooth, caries with no pulp involvement, caries with pulp involvement, presence of a restoration, pulpotomy and pulpectomy). The significance level was set at 5% (p < 0.05). All independent variables with a p-value ≤ 0.20 were included in a multivariate logistic regression model.
The present study received the approval of the Institutional Review Board of the Federal University of the Jequitinhonha and Mucuri Valleys (Brazil) under protocol number 135/10.
Results
A total of 1068 primary mandibular molars were assessed from 453 children (mean age: 7.9 years; standard deviation: 2.12 years), 54.4% (n = 252) of whom were male and 45.6% (n = 211) were female. The prevalence of inflammatory root resorption was 16.2% (n = 173). Statistically significant associations were found between inflammatory root resorption and gender (p < 0.05), age (p < 0.05), an unhealthy tooth (p < 0.001), caries with pulp involvement (p < 0.001), a restored tooth (p < 0.001), pulpotomy (p < 0.001) and pulpectomy (p < 0.001) ( Table 1) . No statistically significant association was found between inflammatory root resorption and general health problems or caries with no pulp involvement. Table 2 shows the results of the multivariate logistic regression analysis. The following variables were risk factors for inflammatory root resorption in primary mandibular molars: male gender (OR: 1.4; 95% CI), 3-to-7-years age bracket (OR: 1.5; 95% CI), an unhealthy tooth (OR: 8.7; 95% CI), caries with pulp involvement (OR: 7.4; 95% CI), absence of a restoration (OR: 3.1; 95% CI), pulpotomy (OR: 3.1; 95% CI) and pulpectomy (OR: 5.4; 95% CI).
Discussion
In the present study, inflammatory root resorption was associated with gender, age, an unhealthy tooth, caries with pulp involvement, pulpotomy, pulpectomy and absence of a restoration. This diversity of clinical situations corroborates the findings of a previous study, defining inflammatory resorption as a complication and/or consequence of different clinical situations, such as pulp, periodontal and/or periradicular infectious processes. 1 A statistically significant association was found between inflammatory root resorption and age ranging from 3 to 7 years (19.4%). Previous studies report that the persistence of untreated non-carious processes can culminate in the early loss of primary teeth, 1, 16 thereby affecting the eruption sequence of permanent successors. 5, 8, 16, 17 Thus, the lower prevalence of inflammatory root resorption in children 8 to 12 years of age may be attributed to possible early tooth loss prior to reaching this age.
Pathological processes involving the hard tissues of the root (cementum and dentin) and adjacent tissues (periodontal ligament and alveolar bone) may occasionally be associated with inflammatory resorption. 9, 18 Dental caries was the most prevalent pathological process in the present study. Caries with pulp involvement represented an approximately sevenfold greater chance of having inflammatory root resorption. Dental pulp attacked by microorganisms that are part of the cariogenic process suffers primary inflammation/infection. 19 In primary molars, this infection spreads more quickly to the inter-radicular region, owing to the lesser thickness of the pulp chamber floor and the presence of foramina in the furcation areas. As a result, bone loss occurs in the inter-radicular area, which is one of the first signs of a compromised pulp. 10, 20 Restorative procedures, pulpotomy and pulpectomy are among the various treatment options available for tooth decay. [21] [22] [23] In the present study, the absence of a restoration and pulpotomy or pulpectomy were related to a greater occurrence of inflammatory root resorption. Pulpectomy was related to the greatest risk, with an approximately fivefold greater chance of being related to this type of root resorption. Pulpectomy is indicated for cases of advanced degenerative pulp alterations or pulp necrosis. 24 According to some studies, this procedure may accelerate the process of inflammatory root resorption. 19 Pulpotomy is a more conservative treatment option commonly used on teeth having deep carious lesions with no fistula or swelling, and with no periapical or furcation lesions. 20, 25 In the present study, however, the teeth submitted to pulpotomy were approximately threefold more likely to have a periapical lesion, a finding which agrees with that reported by Aminabadi et al., 26 who found that root resorption was the second most common finding among teeth submitted to pulpotomy. Based on the abovementioned information, the occurrence of inflammatory root resorption in primary molars treated by pulpotomy or pulpectomy in the present study may be attributed to diagnostic errors made while assessing pulp condition, or to technical failure while performing the treatment chosen.
As mentioned earlier, primary molars with no restorations had an approximately threefold greater chance of displaying inflammatory root resorption. This association may be explained by the fact that some teeth had untreated caries. However, although restorative procedures are among the various treatment options available for tooth decay, [21] [22] [23] the increased risk of an inflammatory resorption occur- ring in primary molars with no restorations should be considered with caution, since this group also included healthy teeth. Periapical radiographs were used to assess the type of resorption in the present study. The course of a root resorption is monitored by radiographic examination only in the more advanced stages of this process, and periapical radiographs are the most commonly used diagnostic tools for this purpose. 11, 12 However, today there are more accurate diagnostic methods to evaluate resorption processes, including cone-beam computed tomography. 27 This method is thus suggested for future investigations with the same objective as that of the present study.
One of the limitations of this study was the fact that the evaluation of radiographic images does not allow the determination of the level of caries activity or of the exact degree of pulp involvement. A study carried out by Di Nicolo et al. 28 found that normal or transitioning pulp (in the treatable category) was diagnosed in 50% of teeth with inactive lesions and 11.1% of teeth with active carious lesions. Therefore, conducting a combined clinical and radiographic examination is essential to obtaining a proper diagnosis and to choosing the most appropriate treatment for each clinical situation. Another limitation of this study was that it did not allow determining the time elapsing between the completion of pulpotomy or pulpectomy and the occurrence of inflammatory root resorption in each patient, since both events-pulp intervention and root resorption -were identified on the same radiograph at a single moment in time. Because some information was obtained through a questionnaire administered to the children's parents/caregivers, one must consider the possibility of memory bias, especially with regard to the children's medical history. Moreover, some information may have been recorded inadequately or even omitted from the clinical charts.
Because the cross-sectional design does not include temporality (exposure and outcome data are collected on a single occasion), it was not possible to determine a possible cause-effect relationship between the results. Further studies with a longitudinal design should thus be conducted to gain a better understanding of the relationship between inflammatory root resorption and the possible risk factors addressed herein.
Conclusion
The prevalence of inflammatory root resorption in the primary mandibular molars investigated in the present study was 16.2%. Gender, age, an unhealthy tooth, caries with pulp involvement, pulpotomy, pulpectomy and the absence of a restoration were related to a higher occurrence of inflammatory root resorption in primary molars.
